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Editorial Comment
Interventional Ultrasound:
Incongruity in Terms or
A Reality?*
KHALID H. SHEIKH, MD
Durham, North Carolina
Until recently, cardiac ultrasound had been viewed as an
ancillary imaging tool that was of value in certain clinical
conditions. The recent era of intervention in cardiology and
the accompanying explosion in technology have mandated
changes in many traditionally held views, changes that
fortunately have not bypassed the field of cardiac ultra-
sound. In fact, in many circumstances, cardiac ultrasound
may now be considered an interventional procedure. Ad-
vances in diagnostic image quality and Doppler technology
have challenged the dogma that cardiac catheterization is a
necessary prerequisite to cardiac surgery (1). Intraoperative
echocardiography, from both direct epicardial and trans-
esophageal approaches, has been effectively used to guide
the performance of cardiac operations (2,3). Recently devel-
oped catheter-based intravascular imaging systems and Dop-
pler flow probes provide the potential to assess vascular
structure and flow in a manner never before available (4-8).
Current study. In this issue of the Journal, Siegel et al.
(9) report on the utility of catheter-delivered ultrasound
energy as a technique for recanalization of atherosclerotic
arterial total occlusions in vivo. Thus, a technique that had
previously been considered an exclusive "noninvasive"
imaging modality, and that only recently has been recog-
nized as a vitally important tool in clinical evaluation and
decision making as well as a potentially useful diagnostic
tool in the catheterization laboratory, is now introduced as
also having potential "interventional" therapeutic benefit.
In distinction to ultrasound imaging, which utilizes low
intensity power outputs of <100 mW/cm2 and high frequen-
cies in the nonvibrational range of 1 to 40 MHz, recanaliza-
tion energy is of an intensity three to four orders of magni-
tude higher, in the range of 25 to 50 W, and of a frequency
three orders of magnitude lower at 20 kHz. Whereas the
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energy used in diagnostic ultrasound imaging has minimal
tissue effects, high intensity ultrasound generates vibrational
energy, thermal energy and cavitation, all of which may
cause plaque disintegration (10,11).
Using high intensity ultrasound, Siegel et al. (9) were able
to recanalize 12 completely occluded human arterial xe-
nografts interposed into canine arteries that had been resis-
tant to mechanical recanalization. Notably, ultrasound did
not result in vessel perforation, thrombosis or dissection.
Application of energy to normal canine arterial segments
also resulted in no histologically appreciable damage. This
work significantly adds to the in vitro work previously
reported by this group (12).
Relevance to other interventions. The limitations of bal-
loon angioplasty with respect to the type of lesions that can
be treated and associated complications have prompted the
development of a variety of other interventional technolo-
gies. These include mechanical atherectomy, stents, thermal
probes and several laser devices (13-17). Not surprisingly,
these interventional techniques have had many of the same
or additional shortcomings that have limited their utility.
Thus, it is welcome news that ultrasound angioplasty ap-
pears to be especially well suited to treat lesions that are
most resistant to balloon angioplasty, such as total occlu-
sions and calcified lesions, and that such treatment results in
minimal damage to surrounding normal tissue.
Limitations of the present study. Further investigations
will need to demonstrate continuing safety in the application
of high intensity ultrasound, given that it results in genera-
tion of vibrational energy, thermal energy and cavitation.
Vibrational energy appears relatively nontoxic to normal
tissue because the low amplitude vibrations of the probe
permit compliant normal tissue to move out of the way while
diseased tissue is disintegrated, in much the same way that a
cast cutter cuts a plaster cast, but does not damage under-
lying normal skin. The generation of thermal energy is a
concern, particularly because previous trials (16-18) with
laser probes have been limited by high rates of vessel wall
perforation that are likely related to the generation of tem-
peratures of 400°C at the tip of the laser fiber. Thus, it is
noteworthy that temperatures generated by ultrasound en-
ergy are in the range of 40° to 50°C. Whether this may also
result in perforation in the intact human artery is yet to be
determined, but it is unlikely to be as much of a problem as
with laser probes. The effects of cavitation energy are of
somewhat more concern. Cavitation is the force generated
by formation of vapor-filled voids (bubbles) in cells and
tissue followed by their collapse. Cavitation is the force that
is responsible for the destruction of the blades of a rapidly
rotating ship's propeller. Whereas plaque may be disinte-
grated, previous work (19) using high intensity ultrasound at
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these energy levels has noted vacuolation of arterial endo-
thelium and smooth muscle. Cavitation may also generate
oxygen free radicals (20), and so the potential for tissue
damage, as has been described in reperfusion injury, also
exists (21).
Not addressed in this study were the long-term effects of
the application of ultrasound energy. Whereas most speci-
mens appeared histologically normal, the platelet and fibrin
deposition noted in one specimen may indicate that this
process, which complicates all currently available vascular
interventions, may also complicate application of ultrasonic
energy. Finally, and most obviously, extrapolation of results
obtained in animals, where formalin-fixed autopsy and am-
putation-derived human arterial segments were used, to the
intact human artery must be done with extreme caution.
Future directions. The relative sparing of normal tissue
from the effects of ultrasound energy indicates that this
modality may have a selectivity for diseased tissue not
previously recognized by other interventional techniques
and may be akin to the selectivity that is sought after by the
thrombolytic agents. Preliminary reports (22,23) indicate
that fatty plaques and thrombotic occlusions may also be
amenable to ultrasound angioplasty. As balloon angioplasty
has been accompanied by the use of balloon valvuloplasty,
the potential for ultrasound debridement in the treatment of
calcific aortic stenosis also exists. Whereas such treatment
in the operative setting is not new (24), a percutaneous
catheter-based device that did not cause embolic complica-
tions would merit consideration.
Interventional ultrasound. This work establishes the
framework for further investigation toward the realization of
the potential of ultrasound angioplasty. As demonstrated by
recent advances in catheter-based ultrasound imaging sys-
tems and Doppler flow probes, knowledge of physical prin-
ciples of ultrasound is crucial to its optimal and appropriate
application in both imaging and therapeutic arenas. This
mandates a continued close alliance between interventional-
ists and specialists in cardiac ultrasound. The continued
merging of technologies from both areas is further evidence
that "interventional ultrasound" is not an incongruity in
terms but a reality.
Review of this manuscript by Joseph C. Greenfield, MD is appreciated.
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